We demonstrate a photon-number-resolving (PNR) detector, based on parallel superconducting nanowires, capable of resolving up to 5 photons in the telecommunication wavelength range, with sensitivity and speed far exceeding existing approaches. If a superconducting nanowire is biased close to its critical current, the absorption of a photon causes the formation of a normal barrier across its cross section and the bias current is pushed to the external circuit. In the parallel configuration proposed here, the currents from different wires can sum up on the external load, producing an output voltage pulse proportional to the number of photons.
Abstract:
We demonstrate a photon-number-resolving (PNR) detector, based on parallel superconducting nanowires, capable of resolving up to 5 photons in the telecommunication wavelength range, with sensitivity and speed far exceeding existing approaches. The basic structure of the parallel nanowire detector (PND) is the parallel connection of N superconducting nanowires, each connected in series to a resistor 0 R (Fig. 1) . The detecting element is a few nmthick, ≈100 nm-wide NbN wire folded in a meander pattern. Each branch acts as a superconducting single photon detector [1] (SSPD). If a superconducting nanowire is biased close to its critical current, the absorption of a photon causes the formation of a normal barrier across its cross section and the bias current is pushed to the external circuit. In the parallel configuration proposed here, the currents from different wires can sum up on the external load, producing an output voltage pulse proportional to the number of photons.
PNDs were fabricated on ultrathin NbN films (4nm) on MgO [2] and R-plane sapphire [3] using electron beam lithography (EBL) and reactive ion etching. Detector size ranges from 5x5 μm 2 to 10x10 μm 2 with the number a2343_1.pdf
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978-1-55752-859-9/08/$25.00 ©2008 IEEE of parallel branches varying from 4 to 14. The nanowires are 100 to 120 nm wide and the fill factor of the meander is 40 to 60%. The length of each nanowire ranges from 25 to 100 μm. Designs with and without the integrated bias resistors were tested. The scanning-electron microscope image of a PND with six parallel wires (6-PND) and series resistors fabricated on MgO is shown in Fig. 1 . The photoresponse of a 10x10 μm 2 4-PND probed with light at 1.3 μm was recorded by a sampling oscilloscope (inset Fig. 2 ). All four possible amplitudes can be observed. The pulses show a full width at half maximum (FWHM) as low as 660ps. PNDs showed counting performance when probed with light at 26 and 80 MHz repetition rate ( fig. 2 and inset of fig. 4, respectively) , outperforming any existing PNR detector at telecom wavelength by three orders of magnitude. Fig. 3 . One-photon quantum efficiency η and dark-counts rate DK as a function of bias current. The device was probed with a 1.3 μm, laser diode. The one-photon quantum efficiency η at  1.3  μm and dark-counts rate DK were measured as a function of bias current ( fig. 3) . The lowest DK value measured was 0.15 Hz for η∼2% (yielding a noise equivalent power [4] NEP=5.6x10
-18 W/Hz 1/2 ), limited only by the room temperature background radiation coupling to the PND. A 5-PND was tested with the coherent emission from a Ti:Sapphire laser. Histograms of the photoresponse voltage peak V pk were built for values of μ ranging from ~1 to ~100 (fig. 4) . Unlike most PNR detectors, no multiplication noise can be observed in PNDs, as the width of the histogram peaks is independent of the number of detected photons.
In conclusion, a new PNR detector, the Parallel Nanowire Detector, has been demonstrated, which significantly outperforms existing approaches in terms of sensitivity, speed and multiplication noise in the telecommunication wavelength range. The high repetition rate and high sensitivity make it already suitable -for the first time -for replacing correlation set-ups in quantum optics experiments at telecommunication wavelengths.
